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bstract
Seaweeds are potential renewable resources in the marine environment. The antibacterial activity of Jania  rubens, Corallina
editerranea  and Pterocladia  capillacea  were analyzed against human pathogenic bacteria. The present study was performed to
nvestigate the phytochemical constituents of seaweeds, such as alkaloids, flavonoids, steroids, terpenoids and phlobatannins. In this
tudy, we estimated phenols, flavonoids, tannins, pigments and mineral contents and determined the hydrogen peroxide scavenging
ctivity, reducing power and total antioxidant activity of various extracts of selected seaweeds. Phytochemicals were extracted from
he three seaweeds using various solvents, such as methanol, ethanol, acetone and chloroform. Among the various extracts, the
ethanolic extract was found to have the highest reducing power and total antioxidant capacity. We evaluated the seaweeds against
ibrio  ﬂuvialis, and Pterocladia  capillacea  was the most effective at controlling its growth. The highest zone of inhibition was
ecorded in the methanol extract. The chemical constituents of the seaweeds were characterized by GC–MS, which showed that
hey contain organic compounds, such as 1,2-benzenedicarboxylic acid.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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.  Introduction
Since ancient times, macroscopic marine algae has
een closely associated with human life and has been
xhaustively used in numerous ways as a source of food,
eed, fertilizer and medicine, and chiefly used for eco-
omically important phycocolloids [1,2]. Marine algae∗ Corresponding author. Tel.: +20 1206591238; fax: +20 33911794.
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ttp://dx.doi.org/10.1016/j.jtusci.2015.06.004
658-3655 © 2015 The Authors. Production and hosting by Elsevier B.V. on 
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).position; Mineral
contain more than 60 trace elements in a concentration
much higher than in terrestrial plants. They also con-
tain protein, iodine, bromine, vitamins and substances
of stimulatory and antibiotic nature. The phytochemi-
cals from marine algae are extensively used in various
industries such as food, confectionary, textile, pharma-
ceutical, dairy and paper, mostly as gelling, stabilizing
and thickening agents. Seaweeds or marine macro algae
are renewable living resources that are also used as food,
feed and fertilizer in many parts of the world.
In addition to vitamins and minerals, seaweeds arebehalf of Taibah University. This is an open access article under the
also potentially good sources of proteins, polysaccha-
rides and fibres [3,4]. Recently, Hebsibah and Dhana
Rajan [5] studied variations in the chemical constituents
of the marine red alga Hypnea  valentiae  from the
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Tuticorin and Mandapam Coasts. Dinesh et al. [6] stud-
ied the nutritive properties of 20 species of seaweeds
from the Gulf of Mannar. Seenivasan et al. [7] screened
the antibacterial activity of extracts of marine algae rep-
resenting Chlorophyta  and Rhodophyta  collected from
the Vishakapatnaam Coast against two pathogens and
also tested their ability to inactivate the enzyme penicil-
linase in vitro. Extracts of marine algae were reported
to exhibit antibacterial activity [8,9]. Vanitha et al. [10]
reported the antibacterial action of nine seaweeds col-
lected from the Kanyakumari Coast against human upper
respiratory tract pathogens, which include both gram-
positive and gram-negative bacteria.
Kandhasamy and Arunachalam [11] determined
the in vitro antibacterial properties of the seaweeds
Caulerpa  racemosa, Ulva  lactuca, Gracilaria  foliifera,
Hypnea  musciformis, Sargassum  tenerrimum, S.  myri-
ocystem and Padina  tetrastromatica  collected from
Koodankullam, and Tirunelveli against gram-negative
and gram-positive pathogenic bacteria. Anitha et al. [12]
determined the antibacterial activity of methanol, diethyl
ether, acetone and dichloromethane extracts of Pad-
ina Boergesenii  collected against 10 human pathogenic
bacteria. Marine resources are an unmatched reservoir
of biologically active natural products, many of which
exhibit structural features that have not been found in
terrestrial organisms [13]. There are numerous reports
on compounds derived from macro algae with broad
ranges of biological activities, such as the antimicrobial,
antiviral, anti-tumour, anti-inflammatory, and neurotoxic
[14]. The present study was performed with three marine
seaweeds: Jania  rubens, Corallina  mediterranea  and
Pterocladia capillacea  red algae. The study was per-
formed with the following objectives: (1) To investigate
the preliminary phytochemical constituents present in
the three seaweeds. (2) To estimate the biochemical com-
position and photosynthetic pigments of the selected
seaweeds. (3) To analyze the mineral composition of the
three seaweeds. (4) To evaluate the antibacterial activity
of the three seaweeds. (5) To reveal the chemical con-
stituents in the three seaweeds using GC–MS analysis.
2.  Materials  and  methods
2.1.  Collection  and  identiﬁcation  of seaweeds
The studied algal species were collected from the
coastal area of Abu-Qir Alexandria – North Egypt.
Algal samples were cleaned of epiphytes, and necrotic
parts were removed. Then, cleaned samples were rinsed
with sterile water to remove any associated debris. The
cleaned fresh materials were shade air-dried and groundbah University for Science 10 (2016) 471–484
into fine powder, as described by Gonzalez del Val
et al. [15]. The samples were identified as, Jania  rubens
(Linnaeus), Corallina  mediterranea  (J. Agardh) and Pte-
rocladia  capillacea  (Gmelin).
2.2.  Preparation  of  seaweed  extracts
Ten grams of powdered samples were extracted with
50 ml of solvents, such as methanol, ethanol, acetone and
chloroform. The samples were kept in the dark for 72 h
with intermittent shaking. After incubation, the solution
was filtered through filter paper, and the filtrate was col-
lected (crude extracts) and stored in the refrigerator until
further use.
2.3.  Gas  chromatography  and  mass  spectrometry
analysis
Gas chromatography–mass spectrometry (GC–MS)
analysis was performed using an Agilent GC-MC-5975C
with a Triple–Axis Detector equipped with an auto sam-
pler. The GC column used was fused with silica capillary
column (length 30 m ×  diameter 0.25 mm ×  film thick-
ness 0.25 m) with helium at 1.51 ml for 1 min as a
carrier gas. The mass spectrometer was operated in the
electron impact (El) mode at 70 eV in the scan range of
40–700 m/z. The split ratio was adjusted to 1:10, and
the injected volume was 1 l. The injector temperature
was 250 ◦C, and the oven temperature was kept at 70 ◦C
for 3 min, rose to 250 ◦C at 14 ◦C min−1 (total run time
41 min). Peak identification of crude seaweed extracts
were performed by comparison with retention times of
standards, and the mass spectra obtained were compared
with those available in NIST libraries (NIST 11 – Mass
Spectral Library, 2011 version) with an acceptance crite-
rion of a match above a critical factor of 80% according
to Musharraf et al. [16].
2.4.  Estimation  of  ﬂavonoid  content
Total flavonoid content was determined according to
the method of Chang et al. [17]. A one-ml aliquot of
each extract was mixed with 0.1 ml of 10% aluminium
chloride and 0.1 ml of 1 M potassium acetate. Methanol
(2.8 ml) was added and kept at room temperature for
30 min. The absorbance of the reaction mixture was mea-
sured at 415 nm. The flavonoid content was expressed in
mg/g, and Quercetin was used as a standard compound.2.5.  Estimation  of  tannin  content
Total tannin content was determined according to the
method of Julkunen-Titto [18]. Briefly, 50 l of seaweed
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xtract was mixed with 1.5 ml of 40% vanillin (prepared
ith methanol), and then 750 l of HCl was added. The
olution was shaken vigorously and left to stand at room
emperature for 20 min in darkness. Absorbance against
 blank was read at 500 nm. Catechin was used as stan-
ard.
.6.  Estimation  of  phenol  content
The total phenol content was measured using the
olin–Ciocalteu method of Taga et al. [19]. Extract
100 l) was mixed with 2 ml of 2% Na2CO3 and
llowed to stand for 2 min at room temperature. Then,
00 l of 50% Folin–Ciocalteu phenol reagent was
dded. After incubation for 30 min at room temperature
n darkness, the absorbance was read at 720 nm. The
otal phenol content of samples was expressed as mg
allic acid per gram.
.7.  Estimation  of  chlorophyll  content
The amount of chlorophyll present in the algae was
stimated by the method of Arnon [20]. Fresh algal tis-
ue (500 mg) was kept in a pestle and mortar with 10 ml
f acetone and was ground well. The homogenate was
hen centrifuged at 3000 rpm for 15 min. Absorbance
as measured at 645 nm and 663 nm. The chlorophyll
ontent was determined using the following formulas:
hlorophyll “a” (mg/g fr. wt.)
= 12.7 ×  A663 −  2.69 ×  A645
a ×  1000 × W ×  V
hlorophyll “b” (mg/g fr. wt.)
= 22.9 ×  A645 −  4.68 × A663
a  ×  1000 ×  W ×  V
here A  = absorbance at respective wavelength,
 = volume of extract (ml), and W  = fresh weight of
ample.
.8.  Estimation  of  carotenoid  content
The amount of carotenoid was estimated by the
ethod of Kirk and Allen [21]. The same chlorophyll
xtract was measured at 480 nm using a spectrophotome-
er to estimate the carotenoid content.Carotenoid (g/g fr. wt.) = A480 + (0.114 ×  A663)
− (0.638 ×  A645)
here A  = absorbance at respective wavelength.bah University for Science 10 (2016) 471–484 473
2.9.  Hydrogen  peroxide  scavenging  assay
The free radical scavenging activity of the extracts
were determined using a hydrogen peroxide assay as
described by Gulcin et al. [22]. A 10 mM hydrogen per-
oxide solution was prepared in phosphate buffer (0.1 M,
pH 7.4). One ml of the extract was rapidly mixed with
2 ml of H2O2. The absorbance was measured at 230 nm
after 10 min of incubation at 37 ◦C against a blank with-
out H2O2. The percentage of scavenging of H2O2 was
calculated using the formula:
% of scavenging = ((A0 −  Ai) ÷ A0) × 100
where A0 is the absorbance of the control and Ai is the
absorbance of the sample.
2.10.  Determination  of  total  antioxidant  capacity
(TAC)
The total antioxidant activity of seaweed extracts was
determined according to the method of Mitsuda et al.
[23]. Sulphuric acid (7.45 ml, 0.6 M), 0.99 g of sodium
sulfate (28 mM) and 1.23 ml of ammonium molybdate
(4 mM) were mixed together in 250 ml with distilled
water and labelled as total antioxidant capacity (TAC).
Seaweed extract (0.1 ml) was dissolved in 1 ml of TAC,
and the absorbance was read at 695 nm after 15 min.
Ascorbic acid was used as a standard.
2.11.  Estimation  of  reducing  power
The reducing power of the extract was determined by
following the method of Yamaguchi et al. [24]. Extract
(0.75 ml) was mixed with 0.7 5 ml phosphate buffer
(pH 6.6), and 0.75 ml of 1% potassium ferricyanide was
added. The mixture was incubated at 50 ◦C for 20 min.
Trichloroacetic (0.75 ml, 10%) acid was added and cen-
trifuged at 3000 g for 10 min. The supernatant (1.5 ml)
was mixed with 1.5 ml of water and 0.1% ferric chlo-
ride. The absorbance was read at 700 nm after 10 min of
incubation.
2.12.  Preliminary  phytochemical  tests
Phytochemical analysis was performed to determine
the presence of different phytochemicals as described by
Sadasivam and Manickam [25].2.13.  Estimation  of  minerals
Oven dried samples was accurately weighed in 0.2 g
quantities in a dry conical flask, and 10 ml of diacid
l of Taibah University for Science 10 (2016) 471–484
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mixture (2:5 of nitric and perchloric acid) were added.
The contents of the conical flask were allowed to stand
for a few hours for cold digestion. The mixture was then
kept on a hot plate, and the contents were digested by
increasing the temperature. The digestion was continued
until the content became colourless. The digestion mate-
rial was filtered through Whatman NO. 40 filter paper,
and the filtrate collected was diluted to a suitable vol-
ume and fed into an ICP – Perkin Elmer Mayer Optical
Emission Spectrophotometer (AOAC [26]).
2.14.  Effect  of  algal  plant  extracts  on  Vibro  ﬂuvialis
2.14.1.  Determination  of  anti-bacterial  effect
The microorganism for the antimicrobial activity
assay used was Vibrio  ﬂuvialis  obtained from National
Institute of Oceanography and fisheries, Alexandria.
These bacteria were cultured in an LB broth at 37 ◦C
and maintained on LB agar Luria Bertani in g/l: Tryp-
tone, 5; Yeast extract, 5; NaCl, 10; and sterilized by
autoclaving for 25 min at 121 ◦C. The pH was adjusted to
7 with 1 N NaOH or 1 N HCl prior to sterilization. Next,
sterilization media were supplemented with 175 mg/ml
mycostatin to inhibit fungal growth. All cultures were
supplemented with 15% glycerol (w/v) and stored frozen
at 4◦ C. The assay was performed as previously described
by Senthil Kumar and Kamaraj [27]. Each pathogen was
grown on its isolation medium and incubated at 30 ◦C
until visible growth was observed. Bacterial suspensions
of each indicator pathogen were then plated with LB
media on the agar plates. A well was cut in the middle
of the plate, and 0.05 ml of extract was added to it. The
plate was incubated at 30 ◦C for 24 h. Inhibition zones
were scored as antibacterial activity measured in cm.
3.  Results
3.1.  Phytochemical  screening
Important phytochemicals, such as alkaloids, triter-
penoids, steroids, tannin, saponin, coumarins, ter-
penoids, quinine, phytosteroids, phlobatannins and
flavonoids were screened for their presence and pre-
sented in Table 1.
3.2.  Biochemical  analysisTotal phenol, flavonoid and tannin content of selected
species of seaweeds are presented in Figs. 1 and 2. The
highest total phenol, flavonoid and tannin content were
0.93, 0.46 and 20.68 mg/g, respectively, as recorded in Ta
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.  capillacea; and the lowest contents were 0.37, 0.12 and
3.33 mg/g, respectively, as recorded in C.  mediterranea.
.3.  Reducing  power  assay
Antioxidant activity in this assay has been reported
o have a direct and positive correlation with reduc-
ng power, which was evaluated in the samples on the
asis of their abilities to reduce Fe+3 complex to Fe+2.
reater absorbance values led to more superior reducing
ower of the extract. The highest amount of reduc-
ng power was observed in methanol extracts of three
ested algae, followed by ethanol. The lowest amount of
educing power was recorded in chloroform extracts. In
able 2
educing power assay, hydrogen peroxide scavenging assay, and total antioxi
arameters Solvent J
educing power Methanol 
Ethanol 
Acetone 
Chloroform 
 of H2O2 scavenging Methanol 3
Ethanol 1
Acetone 3
Chloroform 3
otal antioxidant capacity (TAC) Methanol 
Ethanol 
Acetone 
Chloroform bah University for Science 10 (2016) 471–484 475
this assay, C.  mediterranea  > P.  capillacea  > J. rubens:
4.566 > 4.007 > 3.950, respectively at the same concen-
tration, as shown in Table 2.
3.4.  Hydrogen  peroxide  scavenging  assay
Antioxidant activity of the methanol extracts of
J. rubens, C.  mediterranea  and P.  capillacea  were
determined based on the percentage of free radical scav-
enging activity. In all extracts, higher scavenging activity
was observed in methanol: P.  capillacea  > C. mediter-
ranea > J. rubens: 39.634 > 38.632 > 38.382, respec-
tively, followed by acetone Extract: P.  capillacea  > J.
rubens > C.  mediterranea: 37.102 > 37.010 > 36.221,
respectively. The lowest activity was determined in
ethanol extracts: P.  capillacea  > C.  mediterranea  > J.
rubens: 15.939 > 15.136 > 10.538, respectively. Among
the four different extracts, the methanol extract showed
the greatest ability to decrease the pro-oxidant H2O2 as
shown in Table 2.
3.5.  Total  antioxidant  capacity  (TAC)
The total antioxidant activity of acetone and chloro-
form extracts of the tested algae are nearly the same,
while the total antioxidant activity of ethanol was
recorded as the following: P. capillacea  > J. rubens  > C.
mediterranea: 0.940 > 0.696 > 0.409, respectively, at the
same concentrations. The minimal TAC was observed in
J. rubens  and is equal to 0.327 mg ascorbic acid equiva-
lent in methanol extract, as shown in Table 2.3.6.  Photosynthetic  pigments
The photosynthetic pigments chlorophyll “a”, chloro-
phyll “b”, total chlorophyll and carotenoid content were
dant capacity of selected tested seaweeds.
. rubens C. mediterranea P. capillacea
3.950 4.566 4.007
2.769 3.969 3.909
2.381 1.797 2.123
1.512 0.796 0.963
8.382 38.632 39.634
0.538 15.136 15.939
7.010 36.221 37.102
3.045 19.080 32.165
0.327 0.835 0.783
0.696 0.409 0.940
0.433 0.636 0.575
0.523 0.664 0.582
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Fig. 3. Mean photosynthetic pigments of seaweeds.
Table 3
Mineral composition of selected seaweeds (mg/g).
Minerals J. rubens C. mediterranea P. capillacea
Na 20.862 24.577 29.495
K 3.275 7.593 14.950
Ca 423.440 450.752 61.050
Mg 29.866 49.774 7.709
Fe 0.475 0.277 0.227
Cd 0.0005 0.0008 N.D.
Ni 0.0098 0.0048 0.0162
Mn 0.0953 0.0627 0.0333
Cr 0.0003 0.0001 0.0008
Co 0.0004 0.0011 0.0028
Cu 0.0036 0.0069 0.0043
Pb 0.0130 0.0157 0.0010
3.10.  GC–MS  of  J.  rubensZn 0.0263 0.0302 0.0421
N.D., mean not detected.
estimated and presented in Fig. 3. The maximum chloro-
phyll “a” was 0.51, chlorophyll “b” was 0.132, total
chlorophyll was 0.649 and carotenoid was 0.092 mg/g,
and this was recorded in P.  capillacea.
3.7.  Mineral  composition  of  seaweeds
The variation observed in the different seaweeds
studied in the present study was presented in Table 3.
Among the 13 minerals analyzed, the concentrations
are Fe (0.475 mg/g), Mn (0.095 mg/g) were higher in
J. rubens. Ca (450.752 mg/g), Mg (49.774 mg/g), Pb
(0.0157 mg/g), Cu (0.0069 mg/g), Cd (0.0008 mg/g),
Cr (0.0001 mg/g) were found to be highest in C.
mediterranea. Na (29.495 mg/g), K (14.950 mg/g), Ni
Table 4
Antibacterial activity of three seaweed species.
Metha
J. rubens Size of inhibition zone (cm) 0.1 cm
C. mediterranea 0.2 cm
P. capillacea 0.3 cm
NA, no activity.Fig. 4. GC–MS chromatogram of the crude ethyl acetate of J. rubens.
(0.0162 mg/g), Zn (0.0421 mg/g) and Co (0.0043 mg/g)
were found to be highest in P.  capillacea.
3.8.  Antibacterial  activity
The antibacterial activity of J. rubens, C.  mediter-
ranea and P.  capillacea  extracts on Vibrio  ﬂuvialis are
presented in Table 4. The agar well diffusion method
was used to evaluate the antibacterial activity by mea-
suring the zone of inhibition against V.  ﬂuvialis.  Among
the three seaweeds screened for their antibacterial activ-
ity in the present investigation, P. capillacea  was found
to be superior over C. mediterranea  and J rubens  at
controlling the growth of V.  ﬂuvialis. Among the three
solvents tested, methanol, ethanol and acetone extracts
of seaweeds exhibited the best activity.
3.9.  GC–MS  of  collected  marine  algae
GC–MS analysis of crude ethyl acetate extract of
tested algae showed a mixture of volatile compounds.
A total of 55, 57 and 59 peaks were observed with
retention times for J.  rubens, C.  mediterranea  and P.
capillacea, respectively, as shown in Figs. 4–6. Chemi-
cal constituents were identified using spectral database
NIST 11 software installed in the GC–MS.The GC–MS analysis of the crude extract revealed
that the main chemical constituent was the organic
nol Ethanol Acetone Chloroform
 0.1 cm 0.1 cm 0.1 cm
 0.2 cm NA NA
 0.1 cm 0.2 cm NA
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Table 5
Chemical constituents of Jania rubens.
Compound’s name Retention time Peak area % Molecular formula Molecular weight
2-(1,1,1-Trimethylsilyl)-ethyl-2-(4,5-dimethoxy-2nitrophenyl)-acetate 5.16 0.50 C15H23NO6Si 341
2-Imidazolidinone 5.22 0.51 C3H6N2O 86
2-Cyclohexylpiperidine 5.34 0.48 C11H21N 167
Methylene chloride 5.53 0.13 C12H19N3O4 269
3,4,4-Trimethyl-3-(3-oxo-but-1-enyl) bicyclo[4.1.0]heptan-2-one 24.59 0.13 C14H20O2 220
5-Heptenoic acid, 6-methyl-4-[(4-methylphenyl) sulfonyl] 25.10 0.14 C12H20O2 196
2-Cyclohexen-1-one, 3-(3-hydroxybutyl)-2,4,4trimethyl- 25.84 0.13 C11H16O2, 180
Octadecane, 3-ethyl-5-(2-ethylbutyl)- 28.01 0.15 C26H54 366
Cyclooctasiloxane, hexadecamethyl- 30.09 0.26 C16H48O8Si8 596
Heptadecane 30.80 4.01 C17H36 240
Hexadecanal 31.20 0.44 C16H32O 240
Tetradecanoic acid 32.46 2.53 C14H28O2 228
9-Hexadecenoic acid 32.76 0.28 C16H30O2 254
d-Norandrostane (5à,14à) 33.36 0.18 C15H24O 220
Pentadecanoic acid 33.47 0.23 C15H30O2 242
Cyclononasiloxane, octadecamethyl- 33.70 0.30 C18H54O9Si9 666
3,7,11,15-Tetramethyl-2-hexadecen-1-ol 33.77 4.66 C20H40O 269
2-Pentadecanone, 6,10,14-trimethyl- 33.87 0.53 C18H36O 268
Pentadecanal- 34.13 1.64 C15H30O 226
3-Eicosyne 34.36 1.66 C20H38 278
Hexadecenoic acid 34.52 0.23 C16H30O2 254
9-Oximino-2,7-diethoxyfluorene 34.62 0.29 C17H17NO3 283
Hexadecanoic acid, methyl ester 34.90 0.49 C17H34O2 270
l-(+)-Ascorbic acid 2,6-dihexadecanoate 35.36 35.48 C38H68O8 652
Ursodeoxycholic acid 36.10 0.16 C24H40O4 392
Methyl 13-octadecenoate 36.53 0.37 C19H36O2 296
Phytol 36.63 2.53 C20H40O 296
trans-13-Octadecenoic acid 36.85 5.04 C18H34O2 282
Octadecanoic acid 37.02 1.30 C18H36O2 284
Heptasiloxane 37.78 0.40 C14H44O6Si7 504
Icosapent 38.04 6.91 C20H30O2 302
Heptasiloxane, hexadecamethyl- 38.65 0.18 C16H48O6Si7 532
1,2-Benzenedicarboxylic acid, diisooctyl ester 39.42 3.10 C24H38O4, 390
Octanoic acid 39.46 0.33 C28H42O6 474
Octasiloxane 40.15 0.32 C16H50O7Si8 578
Dasycarpidan-1-methanol, acetate 40.64 0.14 C20H26N2O2 326
Squalene 40.82 0.59 C30H50 410
9,12,15-Octadecatrienoic acid 40.97 0.20 C22H28O6 388
Oleic acid 41.11 0.14 C38H74O2 562
psi.,.psi.-Carotene, 1,1′,2,2′-tetrahydro-1,1′-dimethoxy- 41.22 0.17 C27H44O3 416
Octadecyl ester 41.46 0.65 C38H74O2 562
17-Pentatriacontene 42.01 0.17 C35H70 490
Propanoic acid 42.19 0.15 C27H42O4 430
Rhodopin 42.37 0.14 C40H58O, 554
Stigmastanol 42.69 0.91 C29H52O 416
b-trihydroxy-3-(hydroxymethyl)-1,1,6,8-tetramethyl 42.87 0.19 C24H32O9 464
Pregnane-3,20á-diol 42.94 0.61 C28H43NO6 489
Withaferin A 43.36 0.19 C28H38O6 470
Cholest-5-en-3-one 43.62 0.35 C27H44O 384
Cyclopropanebutanoic acid 44.01 0.59 C25H42O2 374
Phytonadione 44.16 0.86 C31H46O2 450
Pregn-5-ene-3,20-dione 44.30 0.47 C21H30O2 314
4Beta,5-epoxy-5beta-cholestan-3-one 45.04 1.84 C27H44O2 400
2,4,6-Decatrienoic acid 45.43 0.14 C35H46O8 594
Demecolcine 45.90 0.12 C21H25NO5 371
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Fig. 5. GC–MS chromatogram of the crude ethyl acetate extract of
C. mediterranea.Fig. 6. GC–MS chromatogram of the crude ethyl acetate of P. capil-
lacea.
compound 1-(+)-ascorbic acid 2,6-dihexadecanoate
(retention time (RT) = 35.36 min, 35.48%) followed
by icosapent (RT = 38.04 min, 6.91%), trans-13
octadecenoic acid (RT 36.85 min, 5.04%), 3,7,11,15-
tetramethyl-2-hexadecen-1-ol (RT 33.77 min,
4.66%), heptadecane (RT = 30.80, 4.01%) and 1,2-
benzenedicarboxylic acid (RT = 39.42 min) (3.10%)
shown in Table 5.
3.11.  GC–MS  of  C.  mediterranea
The data recorded in Table 6 demonstrated that the
most abundance six chemical constituents of C.  mediter-
ranea were cholesterol (RT = 42.64 min, 20.53%)
followed by n-hexadecanoic acid (RT = 35.36 min,
17.65%), icosapent (RT = 38.05 min 13.56%), oleic acid
(RT = 36.85 min, 6.69%), heptadecane (RT = 30.81
mn, 3.13%) and 1,2 benzenedicarboxylic acid
(RT = 39.42 min, 2.01%).bah University for Science 10 (2016) 471–484
3.12.  GC–MS  of  P. capillacea
The main chemical constituents of P.  capil-
lacea are shown in Table 7: n-hexadecanoic acid
is most abundant (RT = 35.41 min, 33.57%) fol-
lowed by cholesterol (RT = 42.64 min, 11.03%), hene-
icosane (RT = 30.82 min, 8.50%), cis-5,8,11,14,17-
eicosapentaenoic acid, methyl ester (RT = 38.05 min,
7.80), trans-13-octadecenoic acid (RT = 36.87 min,
6.73%), tetradecanoic acid (RT = 32.54 min, 3.79%) and
1,2-benzenedicarboxylic acid (RT = 39.42 min, 3.03%).
It is possible that a bioactive compound primarily con-
sisting of 1,2-benzenedicarboxylic acid may be involved
in biological activity of other compounds.
4.  Discussion
Seaweeds are primitive non-flowering plants without
roots, stems and leaves. They contain different vita-
mins, minerals, trace elements, proteins and bioactive
substances [9]. Many polysaccharides are recovered
from seaweeds, with the most important of them being
agar, alginic acid, laminarine, fucoidin, galactans, car-
rageenan, xylan and mannans [13]. In the present study,
phytochemical screening of the seaweeds showed the
presence of alkaloids, flavonoids, triterpenoids, steroids,
tannins, coumarins, terpenoids, quinine, phytosteroids
and phlobatannins in all samples tested. Saponin was
absent in the three samples.
Phenolic compounds are commonly found in plants,
including seaweeds, and have been reported to show a
wide range of biological activities including antioxidant
properties [28,29]. Reports have revealed that phenolic
compounds are one of the most effective antioxidants
in red algae. Viswanathan et al. [30], reported crude
methanolic extracts of red seaweeds to yield results in
the range of 1.5–4.1 mg GAE/g, which is higher in phe-
nolic content than the red species studied in this work.
The present study was promising, as algae polypheno-
lic compounds are effective antioxidants in delaying oil
rancidity, and therefore, the seaweed extracts could have
a potential effect in food application. Total flavonoids in
the seaweeds ranged from 0.123 to 0.460 mg/g. Kahko-
nen et al. [31] stated that flavonoids are probably the most
important natural phenol due to their broad spectrum of
chemical and biological activities, including antioxidant
and free radical scavenging properties. Flavonoids have
been reported as antioxidants of a wide range of reactive
oxygen species and inhibitors of lipid peroxidation and
as potential therapeutic agents against a wide variety of
diseases. It has been reported that the presence of phyto-
constituents such as flavonoids, tannins and polyphenols
S.M. Mohy El-Din, A.M.D. El-Ahwany / Journal of Taibah University for Science 10 (2016) 471–484 479
Table 6
Chemical constituents of Corallina mediterranea.
Compound’s name Retention time Peak area % Molecular formula Molecular weight
2-Methylamino-3-methylbutanoic acid 5.17 0.38 C6H13NO2 131
9-Octadecenoic acid 9.38 0.21 C28H44O4 444
Cyclodecane 24.27 0.99 C10H20 140
Cycloheptasiloxane, tetradecamethyl 25.20 0.44 C14H42O7Si7 518
13-Heptadecyn-1-ol 27.30 0.18 C30H44O6 500
Dimethyl phthalate 29.29 0.75 C10H10O4 194
Cyclooctasiloxane 30.10 0.59 C16H48O8Si8 592
n-Heptadecanol-1 30.20 0.69 C19H38 266
2-Propenoic acid 30.64 0.33 C17H32O2 268
Heptadecane 30.81 3.13 C16H34 266
Tetradecanal 31.20 0.44 C14H28O 212
Tetradecanoic acid 32.48 1.37 C14H28O2 228
1-Pentadecene 32.75 0.93 C15H30 210
2-Naphthalenemethanol 33.35 0.71 C15H26O 222
Pentadecanoic acid 33.59 0.20 C15H30O2 242
Cyclononasiloxane 33.69 0.53 C18H54O9Si9 666
3,7,11,15-Tetramethyl-2-hexadecen-1-ol 33.77 1.49 C20H40O 296
2-Pentadecanone 33.86 0.80 C18H36O 268
Oxirane, hexadecyl- 34.12 1.04 C18H32O2 280
1-Octadecyne 34.35 0.64 C18H34 250
Hexadecanoic acid 34.89 0.65 C17H34O2 270
cis9-Hexadecenoic acid 35.10 1.71 C16H30O2 245
n-Hexadecanoic acid 35.36 17.65 C16H32O2 256
Octasiloxane 35.50 0.85 C16H50O7Si8 578
Cyclohexane 36.05 0.30 C26H52 364
9-Octadecenoic acid 36.53 0.51 C19H36O2 296
Phytol 36.63 0.79 C20H40O 296
2-Hexadecanol 36.72 0.49 C16H34O 242
Oleic acid 36.85 6.69 C18H34O2 282
Octadecanoic acid 37.02 0.91 C18H36O2 284
Octadecanal 37.11 1.99 C18H36O 268
Oxirane 37.20 1.76 C16H32O 240
Corynan-17-ol 37.69 0.16 C22H28N2O3 368
Cyclononasiloxane 37.78 0.42 C18H54O9Si9 666
Icosapent 38.05 13.56 C20H30O2 302
9,12-Hexadecadienoic acid 38.20 1.24 C21H38O2 322
Heptasiloxane 38.65 0.23 C16H48O6Si7 532
Palmitoyl chloride 38.94 0.27 C16H31ClO 274
Octadecane 39.10 0.17 C26H54 366
Hexadecanoic acid 39.23 0.42 C35H68O5 568
1,2-Benzenedicarboxylic acid 39.42 2.01 C24H38O4 390
DL-3-Phenyllactic acid 39.49 0.16 C9H10O3 166
Phorbol 12,13-dihexanoate 40.00 0.21 C32H48O8 560
Heptasiloxane 40.15 0.40 C16H48O6Si7 532
Squalene 40.82 0.62 C30H50 410
Cyclohexane 40.97 0.38 C26H50 362
Cholesta-4,6-dien 41.22 0.35 C27H44O 384
17-Pentatriacontene 41.47 0.99 C35H70 490
9-Hexadecenoic acid 42.02 0.56 C34H64O2 504
Cholesterol 42.64 20.53 C27H46O 386
Cholest-5-en-3-ol, 24-propylidene- 43.35 0.43 C30H50O 426
Cholest-5-en-3-one 43.62 0.56 C27H44O 384
E,E,Z-1,3,12-Nonadecatriene-5,14-diol 1.77 1.77 C19H34O2 294
Phytonadione 44.15 0.74 C31H46O2 450
Stigmasta-5,24(28)-dien-3-ol, (3á,24Z)- 44.28 0.24 C29H48O 412
Cholest-4-ene-3,6-dione 45.03 1.02 C27H42O2 398
7,8-Epoxylanostan-11-ol, 3-acetoxy- 45.42 0.25 C32H54O4 502
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Table 7
Chemical constituents of Pterochadia capillacea.
Compound’s name Retention time Peak area % Molecular formula Molecular weight
Pyrrolidin-1-acetic acid 5.15 0.34 C6H11NO2 129
Spiro[4.4]non-3-en-2-one, 4-methyl-3-(1H-tetrazol-5-yl)-1-oxa- 24.57 0.09 C10H12N4O2 220
1-Dodecanol, 3,7,11-trimethyl- 24.79 0.12 C15H32O 228
Pentadecane 25.03 0.14 C15H32 212
9-Ethoxy-10-oxatricyclo[7.2.1.0(1,6)]dodecan-11-one 25.82 0.21 C13H20O3 224
Triazene, 1,3-bis(4-methoxyfurazan-3-yl)-3propyl- 27.25 0.21 C9H13N7O4 283
Dodecane, 5,8-diethyl- 28.00 0.12 C16H34 226
Hexadeca-2,4,15-trienoic acid, ethyl ester 29.04 0.11 C18H30O2 278
9-Methyl-Z-10-pentadecen-1-ol acetate 30.19 0.33 C18H34O2 282
n-Heptadecanol-1 30.43 0.68 C17H36O 256
n-Nonadecanol-1 30.60 0.48 C19H40O 284
Heneicosane 30.82 8.50 C21H44 296
Methyl tetradecanoate 31.50 0.11 C15H30O2 242
Tetradecanoic acid 32.54 3.79 C14H28O2 228
Pentadecanoic acid 33.60 0.23 C15H30O2 242
2-Nonadecanone 2,4-dinitrophenylhydrazine 33.69 0.16 C25H42N4O4 462
3,7,11,15-Tetramethyl-2-hexadecen-1-ol 33.77 2.28 C20H40O 296
2-Pentadecanone, 6,10,14-trimethyl- 33.86 0.72 C18H36O 268
Phytol 34.12 0.83 C20H40O 296
3-Eicosyne 34.35 0.97 C20H38 278
11-Hexadecenoic acid, methyl ester 34.64 0.14 C17H32O2 268
Hexadecanoic acid, methyl ester 34.89 1.28 C17H34O2 270
cis-9-Hexadecenoic acid 35.11 4.43 C16H30O2 254
n-Hexadecanoic acid 35.41 33.57 C16H32O2 256
Heptadecanoic acid 35.76 0.21 C17H34O2 270
Icosapent 36.05 0.18 C20H30O2 302
Eicosanoic acid 36.24 0.13 C20H40O2 312
16-Octadecenoic acid, methyl ester 36.53 0.36 C19C20H4 296
Phytol 36.63 2.98 C20H40O 296
9H-Fluoren-9-one, 3-nitro-2,7-bis[2-(1piperidinyl)ethoxy]- 36.70 0.71 C27H33N3O5 479
trans-13-Octadecenoic acid 36.87 6.73 C18H34O2 282
Octadecanoic acid 37.03 1.97 C18H36O2 284
Cyclohexane, 1,4-dimethyl-2-octadecyl- 37.20 0.09 C26H52 364
Methyl 4,7,10,13,16,19-docosahexaenoate 37.74 0.35 C23H34O2 342
cis-5,8,11,14,17-Eicosapentaenoic acid, methyl ester 38.05 7.80 C21H32O2 316
Deoxyspergualin 38.41 0.21 C17H37N7O3 387
Ethyl iso-allocholate 38.94 0.18 C26H44O5 436
Hexadecanoic acid, 3-[(trimethylsilyl)oxy]propyl ester 39.00 0.30 C22H46O3Si 386
1H-Indene, 1-hexadecyl-2,3-dihydro- 39.10 0.43 C25H42 432
Octadecanoic acid, 2,3-dihydroxypropyl ester 39.22 0.84 C21H42O4 358
1,2-Benzenedicarboxylic acid, diisooctyl ester 39.42 3.03 C24H38O4 390
Undecanoic acid, 3-hydroxy-, methyl ester 39.49 0.19 C12H24O3 216
Octadecane, 3-ethyl-5-(2-ethylbutyl) 39.71 0.10 C26H54 366
Stigmasterol 40.08 0.17 C29H48O 412
Heptasiloxane, hexadecamethyl- 40.15 0.25 C16H48O6Si7 532
5H-Cyclopropa[3,4]benz[1,2-e]azulen-5-one 40.22 0.22 C26H36O11 524
Squalene 40.81 0.40 C30H50 410
Acetoxy-6á,11á-dihydroxy-16à,17àpropylmethylene 40.89 0.14 C27H36O8 488
Trilinolein 41.01 0.26 C22H28N2O3 368
Olean-12-ene-3,15,16,21,22,28-hexol 41.10 0.15 C30H50O6 506
Cholesta-4,6-dien-3-ol, (3á) 41.22 0.12 C27H44O 384
Propanoic acid 41.46 0.14 C27H42O4 430
Cholestan-3-ol, 5-chloro-6-nitro-, (3á,5à,6á) 42.37 0.17 C27H46ClNO3 467
Cholesterol 42.64 11.03 C27H46O 386
l-Saccharopine 42.69 0.83 C11H20N2O6 276
26-Nor-5-cholesten-3á-ol-25-one 43.01 0.29 C26H42O2 376
Ethyl iso-allocholate 43.37 0.33 C26H44O5 436
.psi.,.psi.-Carotene, 1,1′,2,2′-tetrahydro-1,1′dimethoxy- 44.16 0.52 C42H64O2 600
8-cyanomethyl-2-methoxy-7-methoxycarbonyl-1,1,7-trimethyl 45.66 0.09 C23H31NO5 401
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revent a number of diseases through their free radical
cavenging activity [32], and these phenolic compounds,
hich include phenol, tannin and flavonoids, have been
ound in appreciable amounts in the three seaweeds.
The highest total amounts of chlorophyll and
arotenoids were recorded in red alga P.  capillacea  and
he lowest in red alga C.  mediterranea.
Among the 13 minerals analyzed, high concentrations
f Na, K, Ni, Zn and Co were found in P.  capillacea,
hile Ca, Mg, Pb, Cu, Cd and Cr were found in C.
editerranea, and Fe and Mn were found in J.  rubens.
he mineral fractions of some seaweed even accounted
or 40% of dry matter; however, in some cases, the min-
ral content of seaweeds is even higher than that of land
lants and animal products [33]. Seaweeds are known
s excellent sources of minerals, especially sodium and
odine, due to their high polysaccharide content, which
ould also imply a high level of soluble and insoluble
ietary fibre [3,34].
Antioxidant activity of marine algae may arise from
igments such as chlorophylls, carotenoids, vitamins and
itamin precursors, including cophenol, carotene, niacin,
hiamine, ascorbic acid and phenolic compounds, such
s polyphenols, hydroquinones and flavonoids. Phos-
holipids, particularly phosphatidylcholine, terpenoids,
eptides, and other antioxidative substances, directly or
ndirectly contributed to the inhibition or suppression
f oxidation processes [35,36]. The dried methanolic
xtracts of the three red algae species of seaweeds
ere found to have good antioxidant and antimicrobial
ctivities. Similar results were previously obtained [30].
lthough a variety of solvents have been employed in
creening algae for antioxidant and antimicrobial activ-
ty, it is still unclear what type of solvent is the most
ffective and suitable for extraction of seaweeds [37,38].
As discussed, methanol extracts of red algae had
igher total phenolic content, H2O2 scavenging and total
ntioxidant capacity as compared to ethanol, acetone and
hloroform extracts. The reducing power indicates that
he antioxidant compounds are electron donors and can
educe the oxidized intermediates of the lipid peroxida-
ion process, so they can act as primary and secondary
ntioxidants [39,40]. Overall, methanol was the most
ffective solvent for extraction of antioxidant properties
rom seaweeds, which may be due to methanol having a
igher dielectric constant than ethanol, acetone and chlo-
oform. We found that for the red seaweeds, methanol
xtracts of J.  rubens, C.  mediterranea  and P.  capillacea
ere more reactive than the other extracts.
Emergence of microbial disease in aquaculture
ndustries implies serious losses. The use of commer-
ial antibiotics for treatment of fish disease producesbah University for Science 10 (2016) 471–484 481
undesirable side effects. Marine organisms are a rich
source of structurally novel biologically active metabo-
lites [41]. Therefore, cell extracts and active constituents
of various algae may be potential bioactive compounds
of interest in the pharmaceutical industry [42].
Antimicrobial activity depends on both algal species
and the solvents used for their extraction [43]. The
antimicrobial activity of algae extracts is generally
assayed using various organic solvents, such as acetone,
ether, chloroform, methanol [44]. An organic solvent
always provides a higher efficiency in extracting com-
pounds for antimicrobial activity [45,46].
Previous studies of some marine algae belonging
to selected species of marine benthic algae (Phaeo-
phyceae and Rhodophyceae) collected from different
coastal areas of Alexandria (Egypt) were investigated
for their antibacterial and antifungal activities against
fish pathogens. In vitro screening of organic solvent
extracts from several marine macro algae, including Pte-
rocladia capillacea  (Gmelin), showed specific activity in
inhibiting the growth of five virulent strains of bacteria
pathogenic to fish species such as Vibrio  anguillarum,
V. tandara.  Pseudomonas  ﬂuorescens  and Aeromonas
hydrophila [47,48].
Furthermore, extract of the red algae Pterocladia
capillacea  in saline and aqueous ethanol markedly
inhibited the growth rate of V.  vulniﬁcus  at very low
concentrations [49].
The methanol, dichloromethane, hexane, chloroform
and volatile oil extracts of the red alga Jania  rubens
were tested in vitro for their antimicrobial activity
against Gram-positive bacteria, Gram-negative bacteria
and Candida  albicans  (ATCC 10239). The methanol and
chloroform extracts showed more potent antimicrobial
activity than the hexane, dichloromethane, and volatile
oil extracts of J.  rubens  [50].
The GC–MS analysis of crude extracts of J.
rubens, C.  mediterranea  and P.  capillacea  revealed
many components, with the main chemical con-
stituents observed in high percentages being 1-(+)-
ascorbic acid 2,6-dihexadecanoate, icosapent, trans-13-
octadecenoic acid, 3,7,11,15-tetramethyl-2-hexadecen-
1-ol heptadecane and 1,2-benzenedicarboxylic acid in
J. rubens;  cholesterol, n-hexadecanoic acid, icosapent,
oleic acid, heptadecane and 1,2-benzenedicarboxylic
acid in C.  mediterranea; and n-hexadecanoic acid,
cholesterol, heneicosane, tetradecanoic acid, cis-
5,8,11,14,17-eicosapentaenoic acid methyl ester, trans-
13-octadecenoic acid and 1,2-benzenedicarboxylic acid
in P.  capillacea. 1,2-Benzenedicarboxylic acid may be
involved in antagonism against Vibrio  ﬂuvialis. Antibac-
terial activities of the algal extracts were reportedly due
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to the presence of lauric, palmitic (hexadecanoic acid),
linolenic, linoleic, oleic, stearic (octadecanoic acid) and
myristic acids (tetradecanoic acid) [51]. Octadecanoic
acid from neem extract was tested on three bacterial
strains (S. aureus, E.  coli  and Salmonella  sp.) and showed
better inhibition activity against S.  aureus  than E.  coli
and Salmonella  sp. [52]. The present results were also in
agreement with those in other previous reports [53,54].
Marine algae are an impending source of an extensive
range of polyunsaturated fatty acids, carotenoids, phy-
cobiliproteins, polysaccharides and phycotoxins [55]. It
was reported that lipids obstruct microbes by distracting
the cellular membrane [56] of bacteria, fungi and yeasts.
These fatty acids may further distress the expression of
bacterial virulence, which is significant for establishing
infection. It has been demonstrated that fatty acids with
a chain length greater than 10 carbon atoms induces lysis
of bacterial protoplasts. Due to the harsh environments
in which many macro algae exist, effective defence
mechanisms have been established and consequently,
a diverse source of bioactive compounds, including
polysaccharides, polyphenols, fatty acids and peptides,
with dissimilar structure and activities than those found
in terrestrial plants have been discovered [57]. Many
species of macro algae possessed main constituents such
as tetradecnoic acid, hexadecanoic acid, octadecanoic
acid methyl ester [58], which may reveal antagonism
against bacteria [59]. Lately, secondary metabolites and
organic extracts obtained from U.  fasciata  have poten-
tial applications [60], and the diverse derivatives of
diterpenoids extracted from U.  fasciata  exhibited antag-
onism against Vibro  parahaemolyticus  and Vibro  harveyi
[61]. Thus, in the present study, biological activity of J.
rubens, C.  mediterranea  and P.  capillacea  against V.  ﬂu-
vialis was found to be due to the presence of various
chemical constituents as described.
5.  Conclusion
It can be concluded that marine macro algae are
a rich source of structurally novel and biologically
active metabolites. Secondary or primary metabolites
produced by these macro algae may be potential
bioactive compounds of interest in the pharmaceuti-
cal industry and medicinal compounds. The present
investigation presents adequate data on the phytochem-
ical constituents of biochemical composition, mineral
composition, photosynthetic pigments and antibacterial
potential of the three seaweed extracts for the synthe-
sis of novel antibiotics. Bioactive compounds found in
seaweeds await a major breakthrough for their potential
[bah University for Science 10 (2016) 471–484
application as natural antioxidants in different food and
pharmaceutical products.
The present study suggests that these seaweed
extracts possess antibacterial activity against bacterial
pathogens, thus supporting their folkloric usage, promis-
ing a future scope for the use of these marine seaweeds
against microbial populations. The characterization of
the active compounds from seaweed extracts revealed
the presence of octadecanoic acid, hexadecanoic
acid, tetradecanoic acid and 1,2-benzenedicarboxylic
acid.
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